The volatile constituents of Valeriana jatamansi Jones and V. hardwickii Wall. (Valerianaceae) collected from the Khasi Hills of north-east India were analyzed by GC and GC/MS. Twenty-seven and twenty-one compounds were characterized and identified from V. jatamansi and V. hardwickii samples, representing 90.6% and 82.7% of the total oil, respectively. Sesquiterpenes were shown to be the main constituents in both the oil samples. Maaliol (26.1%), patchouli alcohol (9.3%) and α-gurjunene (8.7%) were the major components of V. jatamansi oil, whereas valeracetate (21.3%), methyl linoleate (14.1%), bornyl acetate (13.8%) and cuparene (7.1%) were the main constituents of V. hardwickii oil. Both Indian valerian essential oils were studied for their antioxidant activities using the free radical-scavanging activity (DPPH) and ferric reducing antioxidant power (FRAP) assays. V. hardwickii oil exhibited a higher antioxidant capacity than V. jatamansi in both assays. For both the valerian oil samples, there was a concentration-dependent increase in free radical scavenging activity and ferric reducing capacity. Both valerian oils and their ingredients are potential sources of natural antioxidants.
The genus Valeriana (Family Valerianaceae) comprises about 350 species and 7 genera. In India, about 16 species and two subspecies are reported [1] . V. jatamansi Jones. and V. hardwickii Wall. are distributed in the Himalayas from Kashmir to Bhutan at an altitude of 1800-3500 m and in the Khasi hills of north-east India between 1200-1800 m. Both Indian valerians are brain stimulants, highly sedative and antispasmodic in nature [2a] . V. jatamansi has been described in Ayurvedic and Unani systems as having important medicinal uses, such as a tranquillizer, hypotensive, antispasmodic, gastrointestinal sedative, and poison antidote [2a-2c] . Previously, the volatile oil constituents of V. jatamansi from the Himalayan region were reported [3a-3d] . However, this is the first chemical report on the terpenoid compositions of these two Indian valerians from the Khasi Hills of north-east India. The antioxidant activities of the two essential oils were also evaluated using the 2, 2′-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) assays.
The essential oil yield from V. jatamansi rhizomes was 0.8%, v/w. Twenty-seven compounds were characterized and identified by GC-MS, accounting for 90.6% of the total oil (Table 1) . However, the volatile oil yield from the rhizomes of V. hardwickii was 0.39%, v/w; twenty-one compounds were identified, accounting for 82.7% of the total oil. The essential oil of V. jatamansi was mainly composed of oxygenated sesquiterpenes (41.9%), including maaliol (26.1%), patchouli alcohol (9.3%) and germacrene D-4-ol (4.5%), as the major components, whereas sesquiterpene hydrocarbons contributed 36.1%, including α-gurjunene (8.7%), ar-curcumene (5.9%), α-patchoulene (4.9%) and α-humulene (4.7%). Bornyl acetate (6.2%) was identified as the only oxygenated monoterpene in the V. jatamansi oil.
Oxygenated sesquiterpenes (44.1%) were also found to be the major constituents of V. hardwickii oil, of which valeracetate (21.3%), methyl linoleate (14.1%) and drimenol (3.7%) were its most significant compounds. Cuparene (7.1%) was the dominant sesquiterpene hydrocarbon (17.3%), and bornyl acetate (13.8%) the major oxygenated sesquiterpene, followed by α-terpinyl acetate (3.2%). However, our results revealed that α-and β-patchoulene were absent from V. hardwickii essential oil, unlike an earlier report of α-, β-and γ-patchoulene being characteristic of V. jatamansi oil, which differentiate it from other Valerian species [2b,2c]. hydrogen to the DPPH radical, resulting in bleaching of the DPPH solution. The greater the bleaching action, the higher is the antioxidant activity, which is reflected in a lower IC 50 value [4] . However, for both the valerian oil samples there was a concentration-dependent increase in free radical scavenging activity.
The FRAP method is a simple, very rapid, inexpensive and reproducible procedure that can be applied to the assay of antioxidants in plasma and botanicals [5] . In the FRAP assay, V. hardwickii essential oil, at the higher concentrations analyzed, showed higher ferric reducing capacity (1.3 ± 0.007) in terms of Trolox concentrations (p<0.05) than V. jatamansi (0.9 ± 0.01). A concentration dependent ferric reducing capacity was found in the case of both essential oils (Table 3) . V. jatamansi essential oil showed lower values for antioxidant activity than V. hardwickii in both systems. The variation in the antioxidant potential may be due to the different terpenoid compositions and the concentration levels used for the activity studies.
Numerous studies have demonstrated the antioxidant activity of various essential oils by using the DPPH and FRAP assays [6a-6c] . However, this is the first report on the antioxidant activities of these two important Indian valerians used in indigenous and Ayurvedic medicine. The results obtained using these two methods to evaluate the antioxidant activity revealed that both V. jatamansi and V. hardwickii essential oils can be considered to have significant antioxidant activities. However, the antioxidant power measured depends on the chosen method, the concentration and the nature and physicochemical properties of the studied antioxidants. Isolation of essential oil: Freshly harvested plant material (100 g) was immediately subjected to hydrodistillation in a Clevenger apparatus for 3 h. The oil was dried over anhydrous sodium sulfate and stored in a refrigerator at 4°C prior to analysis.
Experimental

Gas chromatography (GC):
The GC analyses of the oil samples were performed on a Perkin-Elmer Auto XL GC equipped with an Equity-5 column (60 m x 0.32 mm; film thickness 0.25 µm; Supelco Bellefonte, PA, USA). The oven column temperature ranged from 70-250°C, programmed at 3°C/min, with an initial and final hold time of 2 min. Hydrogen was the carrier gas at 10 psi constant pressure at 1.0 mL/min. The column temperature programming was from 70-250°C at 3°C/min. The injector and detector (FID) temperatures were 250°C and 280°C, respectively. The injection volume was 0.03 μL neat and the split ratio was 1:30.
Gas chromatography-mass spectrometry (GC-MS):
The GC-MS analysis of the oil was performed on a Perkin Elmer Auto XL GC interfaced with a Turbomass Quadrupole mass spectrometer fitted with an Equity-5 fused silica capillary column (60 m x 0.32 mm i.d., film thickness 0.25 µm; Supelco Bellefonte, PA, USA). The oven temperature program was the same as that described in above; injector, transfer line and source temperatures were 250°C; injection size 0.03 µL neat; split ratio 1:30; carrier gas He at 10 psi constant pressure; ionization energy 70 eV; mass scan range of m/z 40-450 amu.
Identification of components:
The identification of the chemical constituents was assigned based on their retention indices (relative to n-alkanes C 9 -C 22 ), MS Library search (NIST/EPA/NIH version 2.1 and Wiley registry of mass spectral data 7 th edition.) and by comparing the MS with literature data [7a,7b] . The relative amount of individual components was calculated from the peak area without applying an FID response factor correction.
Determination of antioxidant activity
2,
2′-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method: The free radical scavenging activity of V. jatamansi and V. hardwickii essential oils were measured in terms of hydrogen-donating or radical scavenging ability, using the stable radical DPPH (2, 2′-diphenyl-1-picrylhydrazyl) [8] . A volume of 50 μL of a methanolic stock solution of the essential oils at 4 different concentrations (50, 20, 10 and 5 g/L) was placed into a cuvette and 2 mL of a 60 μM methanolic solution of DPPH was added. Ascorbic acid and butylated hydroxytoluene (BHT; in the same concentration) were used as references. The decrease in absorbance at 517 nm was determined after 60 min of reaction at room temperature. Absorption of a blank sample containing the same amount of methanol and DPPH solution acted as the negative control. The amount of sample necessary to decrease the absorbance of DPPH by 50% (IC 50 ) was calculated graphically. The inhibition percentage of the DPPH radical was calculated according to the following formula:
where A 0 is the absorbance of the blank sample and A 1 is the absorbance in the presence of the sample. Tests were carried out in triplicate. The sample concentrations providing 50% inhibition (IC 50 ) were obtained by plotting the inhibition percentage against essential oil concentrations.
Ferric reducing antioxidant power:
The ferric reducing power (FRAP) of the essential oils was determined by using the potassium ferricyanide-ferric chloride method [9] . Different dilutions (1 mL aliquots) of essential oils (50, 20, 10 and 5 g/L) were each added to 2.5 mL phosphate buffer (0.2 M, pH 6.6) and 2.5 mL potassium ferricyanide (1%). The mixtures were incubated at 50°C for 20 min, after which 2.5 mL trichloroacetic acid (10%) was added. An aliquot of the mixture (2.5 mL) was taken and mixed with 2.5 mL water and 0.5 mL 1% FeCl 3 . The absorbance at 700 nm was measured after allowing the solution to incubate for 30 min. The FRAP of a sample was estimated in terms of Trolox equivalent antioxidant capacity (TEAC) in mM Trolox. Each assay was carried out in triplicate.
Statistical analysis: Statistical analyses of the data were performed using one-way ANOVA, followed by Turkey multiple range test. All the data are presented as mean ± SE of 3 determinations. The level of significance was set at p<0.05. Statistical calculations were performed using SPSS version 15.0 software.
